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)URQWRJHQHVLV#LV#HVVHQWLDOO\#WKH#LQLWLDO#IRUPDWLRQ#RI#D#IURQW#RU#IURQWDO#]RQH#WKURXJK
DQ#LQFUHDVH#LQ#WKH#KRUL]RQWDO#JUDGLHQW#RI#GHQVLW\#+RU#PRUH#FRPPRQO\/#WHPSHUDWXUH,1
$FFRUGLQJ#WR#WKH#*ORVVDU\#RI#0HWHRURORJ\/#RQH#RI#WKH#SULPDU\#IDFWRUV#LQ#WKH#SURFHVV#RI
IURQWRJHQHVLV#LV#KRUL]RQWDO#GHIRUPDWLRQ#RI#WKH#IORZ#ILHOG1

7KLV#WHFKQLFDO#DWWDFKPHQW#ZLOO#H[DPLQH#WKH#NLQHPDWLFV#+RU#WKH#JHRPHWU\#RI#WKH#IORZ
ILHOG,#DV#UHODWHG#WR#IURQWRJHQHVLV#WKURXJK#GHIRUPDWLRQ1#$#UHFHQW#FDVH#ZLOO#EH#XVHG#DV
D#UHDO0WLPH#H[DPSOH#ZKLFK#VKRZV#WKH#UHODWLRQVKLS#EHWZHHQ#D#GHIRUPDWLRQ#]RQH#DQG#WKH
SRWHQWLDO#IRU#SUHFLSLWDWLRQ1

)LJXUH#4#LV#DQ#H[DPSOH#RI#D#SXUH#KRUL]RQWDO#GHIRUPDWLRQ#ILHOG#+L1H1/#LUURWDWLRQDO#DQG
QRQ0GLYHUJHQW,1#7KLV#ILHOG#ZLOO#WHQG#WR#FRQFHQWUDWH#WKH#LVRWKHUPV#DORQJ#WKH#D[LV#RI
GLODWDWLRQ#+OLQH#'=#LQ#)LJXUH#4,/#SURYLGHG#WKDW#WKH#LQLWLDO#WHPSHUDWXUH#ILHOG#KDV#D
JUDGLHQW#IURP#WKH#QRUWKZHVW#WR#WKH#VRXWKHDVW1#:DUP#DGYHFWLRQ#RYHU#WKH#VRXWKHDVWHUQ#KDOI
RI#)LJXUH#4#DQG#FROG#DGYHFWLRQ#RYHU#WKH#QRUWKZHVWHUQ#KDOI#ZLOO#LQWHQVLI\#WKH#WKHUPDO
JUDGLHQW#DORQJ#'=1#,I#WKLV#RFFXUV#LQ#WKH#ORZHU#SRUWLRQV#RI#WKH#DWPRVSKHUH/#ZLQGV#DORIW
ZLOO#LQFUHDVH#DV#D#UHVXOW#RI#WKH#LQWHQVLILHG#ORZ#OHYHO#WKHUPDO#JUDGLHQW1

)LJXUH#5#VKRZV#D#IORZ#ILHOG#ZKHUH#D#KRUL]RQWDO#GHIRUPDWLRQ#ILHOG/#ZLWK#DQ#HDVW2ZHVW
D[LV#RI#GLODWDWLRQ/#ZDV#DGGHG#WR#D#ILHOG#RI#PHDQ#]RQDO#IORZ1#7KH#UHVXOW#ZDV#D#UHJLRQ
RI# IURQWRJHQHWLF# FRQIOXHQFH1# 7KH# LPSOLFDWLRQV# RI# WKLV# UHJLRQ# RI# IURQWRJHQHWLF
FRQIOXHQFH# DUH# GHVFULEHG# XVLQJ# )LJXUH# 61# ,Q# WKH# FHQWHU# RI# WKLV# ILJXUH# OLHV# WKH
LQWHQVLI\LQJ#KRUL]RQWDO#WKHUPDO#JUDGLHQW#+GDVKHG#OLQHV,1#7KLV#UHTXLUHV#DQ#DFFHOHUDWLRQ
RI#WKH#]RQDO#IORZ#LQ#RUGHU#WR#PDLQWDLQ#JHRVWURSKLF#EDODQFH1#$V#WKH#MHW#DFFHOHUDWHV/
F\FORQLF#YRUWLFLW\#PXVW#EH#JHQHUDWHG#QRUWK#RI#WKH#MHW#D[LV#DQG#DQWLF\FORQLF#YRUWLFLW\
WR#WKH#VRXWK1#&RQVLGHULQJ#WKH#YRUWLFLW\#HTXDWLRQ/#WKHVH#FKDQJHV#LQ#YRUWLFLW\#UHTXLUH
WKDW#WKH#IORZ#DW#MHW#OHYHO#EH#FRQYHUJHQW#QRUWK#RI#WKH#MHW#DQG#GLYHUJHQW#WR#WKH#VRXWK1
0DVV#FRQWLQXLW\#UHTXLUHV#DGGLWLRQDO#DJHRVWURSKLF#VHFRQGDU\#FLUFXODWLRQV#DW#ORZ#OHYHOV
DQG# LQ# WKH# YHUWLFDO# WR# EDODQFH# WKH# IORZ# DV# LQGLFDWHG# LQ# )LJXUH# 61# 7KH# ORZ# OHYHO
DJHRVWURSKLF#ZLQG#UHVHPEOHV#WKH#KRUL]RQWDO#GHIRUPDWLRQ#]RQH#ZLWK#SRVLWLYH#DJHRVWURSKLF
YHUWLFDO#PRWLRQ#VRXWK#RI#WKH#VWUHQJWKHQLQJ#WHPSHUDWXUH#JUDGLHQW1

)LJXUH#7#VKRZV#WKH#LQLWLDO#FRQGLWLRQV#DW#833#PE#RQ#45=#)ULGD\/#5;#0DUFK#4<;91#7KH#ODUJH
VFDOH#SDWWHUQ#ZDV#GRPLQDWHG#E\#ZDYH#QXPEHU#5/#ZLWK#WKH#PDLQ#EHOW#RI#ZHVWHUOLHV#SXVKHG
IDU#QRUWK#DFURVV#WKH#HDVW#3DFLILF#DQG#1RUWK#$PHULFD/#DQG#VWURQJ#EORFNLQJ#LQ#WKH#ORZ
ODWLWXGHV#RI#WKH#HDVW#3DFLILF1#$#VHULHV#RI#VKRUW#ZDYHV#PRYHG#UDSLGO\#HDVWZDUG#LQ#WKH
]RQDO#IORZ#GXULQJ#WKH#QH[W#5#GD\V1#7KH#7;0KRXU#1*0#IRUHFDVW#+)LJXUH#8,#VKRZV#D#PRGHUDWH
VKRUW#ZDYH#WURXJK#QRUWK#RI#0RQWDQD#ZLWK#D#ZHDN#YRUWLFLW\#OREH#H[WHQGLQJ#VRXWKZHVWZDUG
RII#WKH#2UHJRQ#FRDVW1#&ROG#DGYHFWLRQ#EHKLQG#WKLV#WURXJK#DV#LW#ZRXOG#PRYH#HDVWZDUG#RQ
6XQGD\#DQG#ZDUP#DGYHFWLRQ#DKHDG#RI#WKH#FXWRII#ORZ#RYHU#WKH#VRXWKHUQ#SRUWLRQ#RI#WKH
UHJLRQ#SURPSWHG#WKH#IROORZLQJ#ZULWH0XS#LQ#WKH#:HVWHUQ#5HJLRQ#3URJQRVWLF#0DS#'LVFXVVLRQ
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7KH#UHODWLYHO\#EHQLJQ#G\QDPLFV#DFURVV#WKH#ZHVW0FHQWUDO#VWDWHV#LPSOLHG#OLWWOH#RU#QR
ZHDWKHU#DFWLYLW\#IRU#6XQGD\1#7KLV#ZDV#UHIOHFWHG#LQ#WKH#IRUHFDVWV#DQG#WKXV#WKH#UHIHUHQFH
WR#%VXUSULVH#FORXGV#DQG#SUHFLSLWDWLRQ%1

7KH#:33#PE#GDWD#IURP#33=#64#0DUFK#4<;9#LV#VKRZQ#LQ#)LJXUH#9D1#$#UHJLRQ#RI#PDUNHG
FRQIOXHQFH#LV#VKRZQ#DFURVV#QRUWKHUQ#1HYDGD#DQG#8WDK1#6XEWUDFWLQJ#WKH#PHDQ#IORZ#+RI#4;
NWV#DW#5:3#GHJUHHV,#IURP#WKH#DUHD#\LHOGV#D#ZHOO0GHILQHG#GHIRUPDWLRQ#]RQH#ZLWK#DQ#D[LV
RI#GLODWDWLRQ#H[WHQGLQJ#IURP#QRUWKZHVWHUQ#:\RPLQJ#VRXWKZHVWZDUG#DFURVV#QRUWKHUQ#1HYDGD
+)LJXUH#9E,1#7KH#:33#PE#WHPSHUDWXUH#GLIIHUHQFH#KDG#LQFUHDVHG#EHWZHHQ#6/&#DQG#%2,#IURP
53&#DW#45=#WKH#63WK#WR#93&#DW#22=#WKH#64VW1#5HFDOOLQJ#WKDW#WKH#SRVLWLYH#YHUWLFDO#PRWLRQ
RI#WKH#DJHRVWURSKLF#VHFRQGDU\#FLUFXODWLRQ#LVORFDWHG#WR#WKH#ULJKW#RI#WKH#LQWHQVLI\LQJ
WHPSHUDWXUH#JUDGLHQW/#RQH#ZRXOG#H[SHFW#DQ\#HQKDQFHG#FORXGLQHVV#WR#H[LVW#DFURVV#FHQWUDO
1HYDGD#DQG#8WDK1

7KH#IROORZLQJ#H[FHUSW#LV#WDNHQ#IURP#WKH#6)2#6,0#PHVVDJH#DW#22=#RQ#WKH#64VW=

&1971#+$6#'9/3'#$/*#,//0')1'#'()250$71#=21(#58)/<#&175/#1907+58#&175/#871

7KH#VDWHOOLWH#SLFWXUHV#+)LJXUHV#:D#DQG#:E,#VKRZ#WKH#GHYHORSPHQW#RI#WKLV#FRQYHFWLRQ
EHWZHHQ#4;=#DQG#22=#VRXWK#RI#WKH#GHIRUPDWLRQ#D[LV#RI#GLODWDWLRQ1#&ORXGV#DQG#VKRZHUV
ZHUH#ZLGHVSUHDG#DFURVV#D#JRRG#SRUWLRQ#RI#FHQWUDO#1HYDGD#DQG#8WDK/#XQGRXEWHGO\#UHODWHG
WR#WKH#G\QDPLFV#RI#WKH#GHIRUPDWLRQ#]RQH1

,W# VKRXOG# EH# QRWHG# WKDW# IRUHFDVWLQJ# WKH# ORFDWLRQ# DQG# LQWHQVLW\# RI# FORXGV# DQG
SUHFLSLWDWLRQ#DVVRFLDWHG#ZLWK#D#GHIRUPDWLRQ#]RQH#LV/#DW#SUHVHQW/#D#YHU\#GLIILFXOW#WDVN1
7KLV#LV#HVSHFLDOO\#WUXH#DV#ZH#KHDG#LQWR#WKH#ZDUPHU#VHDVRQ#ZKHQ#IORZ#SDWWHUQV#DUH
ZHDNHU1# 'HIRUPDWLRQ# ]RQHV# DOVR# EHFRPH# D# PRUH# LPSRUWDQW# G\QDPLFDO# IHDWXUH# DV# WKH
G\QDPLFV#ZHDNHQ#GXULQJ#WKH#ZDUP#VHDVRQ1#7KRXJK#QRW#HDV\#WR#IRUHFDVW/#UHFRJQLWLRQ#RI#WKH
GHIRUPDWLRQ#SDWWHUQV#VKRZQ#LQ#WKLV#GLVFXVVLRQ#DQG#DQ#XQGHUVWDQGLQJ#RI#WKH#UHODWHG
G\QDPLFV#PD\#KHOS#WKH#IRUHFDVWHU#UHDOL]H#WKH#SRWHQWLDO#IRU#VXFK#HYHQWV#GXULQJ#RWKHUZLVH
UHODWLYHO\#EHQLJQ#V\QRSWLF#VFDOH#IORZ#SDWWHUQV1
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)LJXUH#51##([DPSOH#RI#SXUH#GHIRUPDWLRQ/#ZLWK#D[LV#RI

GLODWDWLRQ#DORQJ# 1'=

)LJXUH#61##Horizontal streamlines
and isotherms in a frontogenetic
confluence (after Sawyer, 1956).

)LJXUH#71#Vertical section across the
confluence showing isotachs (solid),
isotherms (dashed) and secondary
circulation (arrows). After Sawyer
(1956).
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)LJXUH# 91# D,# :33# PE# SORW# IURP# 33=# 64# 0DUFK# 4<;9
VKRZLQJ#LVRWKHUPV#+GDVKHG,#DQG#VWUHDPOLQHV#+DUURZV,1
E,#VWUHDPOLQH#DQDO\VLV#RI#:33#PE#ILHOG#LQ#D,#PLQXV#WKH
PHDQ#IORZ#+4;#NQRWV#DW#5:3#GHJUHHV,1
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